A novel endophytic actinomycete, designated strain KK1-3 T , which formed single spores and long chains of spores (more than 10 spores) was isolated from surface-sterilized Kaempferia larsenii leaf collected from Ubon Ratchathani province, Thailand. The isolate contained L-lysine, meso-diaminopimelic acid and hydroxyl diaminopimelic acid in the cell-wall peptidoglycan. The whole-cell sugars included glucose, mannose, rhamnose, ribose, galactose and xylose. The characteristic phospholipids were phosphatidylethanolamine, phosphatidylmethylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, phosphatidylinositol and phosphoglycolipids. The predominant menaquinones were MK-10(H 8 ), MK-10(H 6 ) and MK-10(H 4 ). The predominant cellular fatty acids were anteiso-C 17 : 0 and iso-C 16 : 0 . The G+C content of the genomic DNA was 71 mol%. Phylogenetic analysis using 16S rRNA gene sequences revealed that strain KK1-3 T should be classified as representing a member of the genus Phytohabitans. The similarity values of sequences between this strain and those of the closely related species, Phytohabitans houttuyneae K11-0057 T (99.0 %), Phytohabitans suffuscus K07-0523 T (98.9 %), Phytohabitans flavus K09-0627 T (98.6 %) and Phytohabitans rumicisK11-0047 T (98.1 %) were observed. The DNA-DNA hybridization result and some physiological and biochemical properties indicated that KK1-3 T could be readily distinguished from its closest phylogenetic relatives. On the basis of these phenotypic and genotypic data, this strain represents a novel species, for which the name Phytohabitans kaempferiae sp. nov. is proposed. The type strain is strain KK1-3 T (=BCC 66360 T =NBRC 110005 T ).
Genus Phytohabitans (Inahashi et al., 2010 ) is a group of actinomycetes that belong to the family Micromonosporaceae. Phytohabitans suffuscus. , the type species of this genus was initially isolated from the root tissue of orchid and reported as an endophytic actinomycete (Inahashi et al., 2012) . After that, three species of the genus including Phytohabitans flavus, Phytohabitans rumicis, and Phytohabitans houttuyneae have been reported by the same scientists. They were isolated from the tissue of the root of orchid Rumex acetosa and Houttuynia cordata. All members of the genus Phytohabitans produce branched and non-fragmented mycelia with single spore and/or long chains of spores (more than 10 spores) directly on their substrate mycelia. D-glutamic acid, glycine, D-alanine, meso-diaminopimelic acid and L-lysine are detected in the cell wall peptidoglycan. Galactose, glucose, mannose, ribose and xylose are found in the whole-cell sugars. The acyl type of the peptidoglycan is glycolyl. Phosphatidylethanolamine is the characteristic phospholipid in the cell membrane. Major menaquinones are MK-9(H 6 ), MK-9(H 8 ), MK-10(H 4 ), ) and/or ). The range of G+C contents of the genomic DNA is 71-73 mol% (Inahashi et al., 2012) . During investigation of novel endophytic actinomycetes from Zingiberaceous plants in Thailand, we successfully isolated an endophytic actinomycete strain, designated T , showing typical morphological and chemotaxonomic characteristics of the members of the genus Phytohabitans but distinguishable from all recognized species of the genus Phytohabitans by genotypic and phenotypic properties. Therefore, we describe the taxonomic characterization of strain T which represents a novel species of the genus Phytohabitans.
KK1-3
T was isolated from a leaf of Kaempferia larsenii collected from Ubon Ratchathani province, Thailand. Briefly, a healthy leaf sample of this plant was washed in running tap water for 5 min to eliminate dirt and then a leaf was cut into small pieces. After cutting, the sample was rinsed in sterile 0.1 % Tween 20 for 30 s followed by washing twice in sterile distilled water. The surface-sterilization was carried out by soaking the sample in 95 % ethanol for 10 min and subsequently in 1 % sodium hypochlorite for 10 min and then washing in sterile distilled water three times. Finally, the surface-sterilized sample was ground with small amount of sterile distilled water, and the suspension was spread on starch-casein agar (SCA) [10 g soluble starch, 2 g KNO 3 , 0.3 g casein, 2 g K 2 HPO 4 , 0.05 g MgSO 4 Á7H 2 O, 2 g NaCl, 0.02 g CaCO 3 , 0.01 g FeSO 4 Á7H 2 O, 15 g agar, 1000 ml distilled water, pH: 7.0] supplemented with 25 mg l À1 nalidixic acid, 50 mg l À1 nystatin and 1 mg l À1 terbinafin and incubated at 30 C for 30 days. The final washing water was spread on SCA as the control plates. The pure culture was preserved by freezing at À80 C and freeze-drying.
T was cultivated on a modified soil extract agar plate (Suriyachadkun et al., 2009 ) at 30 C for 30 days. The plate was morphologically observed using light and scanning electron microscopy (model JSM-5410 LV; JEOL). The scanning electron microscopic samples were prepared by the method of Thawai et al., 2005. Cultural characteristics were tested on several standard media such as International Streptomyces Project 2-7 media (ISP2-7 media) (Shirling & Gottlieb, 1966) including glucose-asparagine agar (ISP medium 5 with 1 % glucose replacing glycerol), Czapek's sucrose agar (Waksman, 1961) and nutrient agar (Difco) at 30 C for 14 days. The color of colonies was determined using the Inter-Society Colour Council-National Bureau of Standards (ISCC-NBS) Color Charts standard sample no. 2106 (Kelly, 1964) . The hydrolysis of various compounds was examined using the basal medium recommended by Gordon et al. (1974) . The range of temperature for growth (25, 30, 37, 40, 45 and 50 C) was examined on yeast extract-malt extract agar [(ISP2 medium); (Shirling & Gottlieb, 1966) ] for 14 days. The NaCl (0-5 % w/v) tolerance was determined on ISP2 medium at 30 o C for 14 days. The pH (4-10) range for growth determined using the buffer system described by Xu et al. (2005) . Carbon source utilization was done using ISP9 medium (Shirling & Gottlieb, 1966) supplemented with a final concentration of 1 % carbon sources. Gelatin liquefaction, peptonization of milk, reduction of nitrate and hydrolysis of starch were examined through cultivation on various media as described previously (Arai, 1975; Williams & Cross, 1971) . Other enzyme activities were tested using the API ZYM system (bioM erieux) according to the manufacturer's instructions. The results of cultural, physiological and biochemical characteristics are given in detail in the species description and Table 1 . C for 5 days. Cell wall peptidoglycan was prepared and hydrolyzed by the methods of Kawamoto et al. (1981) , and the isomer of diaminopimelic acid was examined using onedimensional thin-layer chromatography (Lechevalier & Lechevalier, 1980) . The type of acyl group in muramic acid of the peptidoglycan was determined by the method of Uchida & Aida (1984) . The reducing sugars from whole-cell hydrolysates were analyzed by the cellulose TLC method of Komagata & Suzuki (1987) . Phospholipids were extracted and analyzed according to the methods previously described (Minnikin et al., 1984) . Cellular fatty acid analysis was performed using GLC according to the instructions of the Microbial Identification System (MIDI) Sherlock version 6.0 (Sasser, 1990; K€ ampfer & Kroppenstedt, 1996) with the TSBA6 MIDI database. Mycolic acids were investigated using the method of Minnikin et al. (1975) . Menaquinones were extracted by a method described previously (Collins et al., 1977) and analyzed using HPLC with a Cosmosil 5C 18 column (4.6Â150 mm; Nacalai Tesque). A mixture of methanol and 2-propanol (2 : 1, v/v) was used as the elution solvent. The G+C content of the DNA was conducted using the HPLC method of Tamaoka & Komagata (1984) and Lambda DNA (Invitrogen, USA) was used as the standard.
Chromosomal DNA was isolated from cells grown in yeast extract-malt extract broth according to the method of Tamaoka (1994) . DNA-DNA hybridization was carried out in microdilution-well plates, as reported by Ezaki et al. (1989) . DNA-DNA relatedness (%) was determined by using the colorimetric method (Verlander, 1992) . The 16S rRNA gene was amplified using the universal primer, 20F (5¢-AGTTTGATCCTGGCTC-3¢) and 1541R (5¢-AAGGAGGT-GATCCAGCC-3¢) (Lane, 1991) . The temperature profile for PCR was as follows: initial denaturation at 94 C for 3 min; 40 cycles of 94 C for 30 s, 56 C for 30 s and 72 C for 90 s; and final extension at 72 C for 5 min. The PCR products were sequenced using universal primers 27F (5¢-GTTTGATCCTGGCTCAG-3¢), 350F (5¢-TACGG-GAGGCAGCAG-3¢), 780F (5¢-GATTAGATACCCTGG-TAG-3¢), 1100F (5¢-GCAACGAGCGCAACCC-3¢), 350R (5¢-CTGCTGCCTCCCGTAG-3¢), 780R (5¢-CTACCAGGG TATCTAATCC-3¢) and 1492R (5¢-GGTTACCTTGTTAC-GACTT-3¢) (Lane, 1991) . The nearly complete of 16S rRNA gene sequence of this strain was pairwisely aligned using the EzTaxon-e database (Kim et al., 2012) . Partial sequences of the 16S rRNA genes of species of the genus Phytohabitans with validly published names were obtained from the GenBank/EMBL/DDBJ databases for multiple alignment analyses using the CLUSTALW program, version 1.81 (Thompson et al., 1994) . The alignment was manually corrected prior to the reconstruction of a phylogenetic tree. The phylogenetic tree was reconstructed using the neighbor-joining (Saitou & Nei, 1987) with genetic distances computed by using Kimura's 2-parameter model (Kimura, 1980) , maximum-parsimony (Fitch, 1972) and maximumlikelihood (Felsenstien, 1981) methods in the MEGA 6 software (Tamura et al., 2013) . The confidence values for the clusters were calculated using bootstrap analysis (Felsenstein, 1985) with 1000 resamplings. The values for sequence similarity among all species of the genus Phytohabitans with validly published names were determined using the EzTaxon-e database (Kim et al., 2012) .
T grew well on ISP2, ISP3, ISP6 and nutrient agar, moderately on ISP4, ISP5 and ISP7, and weakly on Czapek's sucrose agar and glucose-asparagine agar. The color of substrate hyphae on these media was strong orange yellow to brilliant greenish yellow. White aerial hyphae were observed on ISP7 and Czapek's sucrose agar. Pale yellow soluble pigment was produced when the strain was cultivated on ISP2 agar medium.KK1-3 T formed both single and long-chain spores (more than 10 spores) on soil extract agar at 30 C for 30 days (Fig. 1) . These morphological data were similar to those presented in the reports of Inahashi et al. (2010 Inahashi et al. ( , 2012 .
Chemotaxonomic characteristics of KK1-3 T were consistent with those of members of the genus Phytohabitans (Inahashi et al., 2012) . Cell wall of this strain consisted of D-glutamic acid, glycine, D-alanine, meso-diaminopimelic acid, hydroxydiaminopimelic acid and L-lysine. Glycolyl was the acyl type of cell wall peptidoglycan. Glucose, mannose, rhamnose, ribose, galactose and xylose were found as the reducing sugars in whole-cell hydrolysates. Major menaquinones were MK-10(H 8 ) (46.2 %), MK-10(H 6 ) (41.4 %) and MK-10(H 4 ) (12.4 %). In this study, we found that anteiso-C 17 : 0 , iso-C 16 : 0 , anteiso-C 17 : 1 , C 18 : 0 and iso-C 16 : 1 were major cellular fatty acids (!5 %) (Table S1 , available in the online Supplementary Material). Mycolic acids were absent. The 
*Data for the reference species were taken from Inahashi et al. (2010 Inahashi et al. ( , 2012 . †Ara, Arabinose; Glu, glucose; Gal, galactose; Man, mannose; Rha, rhamnose; Rib, ribose; Xyl, xylose.
phospholipids were diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylmethylethanolamine, phosphatidylinositol, phosphoglycolipids, seven unidentified phospholipids and six unidentified lipid (Fig. S1 , available in the online Supplementary Material).
The G+C content (mol%) of the genomic DNA was 71 %.
In order to determine the genotypic properties of KK1-3 T , an almost complete 16S rRNA gene sequence (1485 nt) was analyzed. This result showed that KK1-3 T represents a member of the family Micromonosporaceae and a member of the genus Phytohabitans. The strain formed a clade with P. houttuyneae K11-0057 T with moderate bootstrap value (65 %) in the neighbour-joining tree (Fig. 2) . This taxonomic position in the phylogenetic tree was supported by the standard tree-making methods, maximum-likelihood (Fig. S2) and maximum-parsimony methods (Fig. S3) . T showed the highest 16S rRNA gene sequence similarity values to P. houttuyneae BCC 48147 T (99.04 %) followed by P. suffuscus DSM 45306 T (98.97 %), P. flavus NBRC 107702 T (98.62 %) and P. rumicis BCC 48146 T (98.14 %). On basis of the morphological, chemotaxonomic and phylogenetic properties, this strain should be classified as representiing a member of the genus Phytohabitans and may represent a novel species of this genus (Inahashi et al., 2012) .
The phenotypic characteristics and DNA-DNA hybridization of KK1-3 T and related strains were also determined. Four reference strains of the genus Phytohabitans: P. houttuyneae BCC 48147 T , P. suffuscus DSM 45306 T , P. flavus NBRC 107702
T and P. rumicis BCC 48146 T were selected due to their close phylogenetic relationship with KK1-3 T . Distinct phenotypic characteristics between KK1-3 T and closely related strains are shown in Table 1 . These results indicate that KK1-3 T possesses some distinct characteristics which separate it from other closely related species. In particular, the type strains of most species of the genus Phytohabitans contained phosphatidylethanolamine as the main diagnostic phospholipid in their cell membrane but KK1-3 T and P. flavus NBRC 107702 T also contained phosphatidylmethylethanolamine. Additionally, the characteristics of nitrate reduction and gelatin liquefaction, the maximum NaCl and temperature for growth, the utilization of D-fructose, D-galactose, D-ribose, D-salicin, glycerol, lactose and mannitol were phenotypic evidence for discrimination between KK1-3 T and closely related species. Furthermore, the DNA relatedness values between KK1-3 T and the type strains of closely related species, P. houttuyneae BCC 48147 T , P. suffuscus DSM 45306 T , P. flavus NBRC 107702 T and P. rumicis BCC 48146 T ranged from 14.3±3.4 % to 38.1±0.9 %, which was well below 70 % cutoff point recommended for the assignment of bacterial strains to the same genomic species (Wayne et al., 1987) (Table S2) .
From the phenotypic, chemotaxonomic and genotypic data on KK1-3 T mentioned above, it can be distinguished from all species of the genus Phytohabitans with validly published names. These data support its classification as representing a novel species of the genus Phytohabitans, for which the name Phytohabitans kaempferiae sp. nov. is proposed. The type strain is strain KK1-3 T (=BCC 66360 T =NBRC 110005 T ).
Description of phytohabitans kaempferiae sp. nov.
Phytohabitans kaempferiae [kaemp.fe'ri.ae. N.L. gen. n. kaempferiae of Kaempferia, referring to the generic name of Kaempferia larsenii from which the strain is isolated].
Gram-stain-positive, mesophilic actinomycete that forms single spores and long-chain spores. The surface of the Positive results in the API ZYM system for alkaline phosphatase, leucine arylamidase, trypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-galactosidase, a-mannosidase, a-glucosidase and N-acetyl-b-glucosaminidase, weakly positive result for b-glucosidase, but negative results for esterase (C4), esterase lipase (C8), lipase (C14), valine arylamidase, cystine arylamidase, a-chymotrypsin, a-galactosidase, b-glucuronidase and a-fucosidase. Optimal temperature for growth is between 30 and 37 C. Maximum temperature for growth is 40 C. The maximum NaCl concentration for growth is 3 % (w/v). The pH range for growth is pH 6-10. The cell wall peptidoglycan contains D-glutamic acid, glycine, D-alanine, meso-diaminopimelic acid, hydroxydiaminopimelic acid and L-lysine. The acyl type of the cell wall is glycolyl. The predominant menaquinones are MK-10(H 8 ), MK-10(H 6 ) and MK-10(H 4 ). The characteristic whole-cell sugars are glucose, mannose, rhamnose, ribose, galactose and xylose. The phospholipid profile contains diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, phosphatidylmethylethanolamine, phosphatidylinositol, phosphoglycolipids, seven unidentified phospholipids and six unidentified lipids but phosphatidylcholine is not detected. The fatty acid pattern (>5 %) consists of anteiso-C 17 : 0 , iso-C 16 : 0 , anteiso-C 17 : 1 , C 18 : 0 and iso- Fig. 2 . Neighbour-joining tree (Saitou & Nei, 1987) based on almost complete 16S rRNA gene sequences (1485 nt) showing the relationships between strain KK1-3 T , the species of the genus Phytohabitans with validly published names and members of the genera Micromonospora, Verrucosispora and Jishengella. Streptomyces ambofaciens. was used as an outgroup. Asterisks (*) indicates the branches of the tree that were also found using the maximum-parsimony and maximum-likelihood methods; hashes (#) indicate the branches of the tree that were found using the maximum-parsimony method. The numbers on the branches indicate the percentage bootstrap values of 1000 replicates; only values !50 % are indicated. Bar, 0.01 substitutions per nucleotide position.
